Background: It is known that certain laboratory value abnormalities may increase mortality in patient populations with specific risk factors and specific procedures. The purpose of this paper was to investigate the effect of drawing a non-routine lab (regardless of its result) on 30 day mortality and to investigate the effect of an abnormal non-routine laboratory value on 30 day mortality. Methods: The electronic medical records of adult patients undergoing non-cardiac surgery from 2011-2014 at LAC + USC Medical Center were reviewed retrospectively as approved by our institutional review board. Demographic data, surgical risk assessment, and routine and non-routine laboratory values (TSH, Troponin, Creatine Kinase, Hb A1c) were recorded; patients were grouped according to the single non-routine lab they had drawn. Multivariate logistic regression analysis was used to determine significant risk factors associated with increased 30 day mortality. Results: 11,306 patients met our inclusion criteria. Drawing a non-routine lab was associated with a statis-
Background
The use of laboratory (lab) testing prior to surgery is important in determining a patient's eligibility for a procedure and risk for postoperative complications. It is known that certain lab value abnormalities may increase mortality in patient populations with specific risk factors or undergoing specific procedures. For example, Cecconi, et al. (2016) found that hypernatremia was associated with an increase in mortality in patients undergoing major surgery [1] . However, the efficacy of non-selective laboratory testing in certain patient populations, namely low risk, has been questioned [2] [3] . While is has been commonplace to receive preoperative "routine" laboratory testing (such as sodium, potassium, etc.), the usefulness of non-routine laboratory testing has yet to be investigated thoroughly. In 2012, the American Society of Anesthesiologists Task Force on Preanesthesia Evaluation stated upon review of the literature that selective preoperative tests (based on the history, physical, and plan) may aid in decision-making and patient management while routine preoperative tests fail to make a significant contribution [4] . The purpose of this paper was first, to investigate the effect of drawing a non-routine lab, regardless of its result, on 30 day mortality (denoted as the "Lab Drawing Analysis"), and second, to investigate the effect of an abnormal non-routine lab value on 30 day mortality (denoted as the "Abnormal Lab Analysis").
Methods
The electronic medical records of adult patients undergoing non-cardiac surgery from 2011-2014 at LAC + USC Medical Center were reviewed retrospectively as approved by our institutional review board. Demographic data (age, gender, ethnicity, and ASA physical status), surgical risk assessment, emergent status, anesthesia type, date of death (if applicable), routine laboratory values, and nonroutine lab values (TSH, Troponin, Creatine Kinase, Hb A1c) were recorded.
To reach the final population, several adjustments were made to the original dataset of 102,884 records (see flow chart in Figure 1 below) . First, all observations with missing data were removed. This included patients who were missing identifying information and patients who were missing routine labs. The routine labs included Hemoglobin, Platelets, Calcium, Carbon Dioxide, Chloride, Creatinine, Glucose, Potassium, Sodium, BUN, and Magnesium. Although magnesium is not widely recognized as a routine lab, the incidence of drawing magnesium at the institution from which the data derived was very similar to the incidence of drawing routine labs. Next, residual cases with cardiac or nonsurgical procedures listed, observations with ASA 6 physical status, and records with age Observations with complete medical records n = 41,429
Observations with cardiac or nonsurgical procedures, ASA 6, or age <18 n = 3,313
Observations with missing variables n = 61,455
Adult observations with non-cardiac procedures n = 38,116
Duplicate observations representing patients undergoing multiple procedures n = 23,931
Unique observations n = 14,185
Observations with labs drawn outside of the perioperative window or had multiple non-routine labs drawn n = 2,879
Final set of observations n = 11,036 less than 18 years were dropped. A surgical risk score (low, medium, high) was then assigned to each entry using the American College of Surgeons surgical risk classification [5] . Examples of high risk procedures included any intracranial surgery, liver transplants, and spinal reconstruction. Examples of medium risk procedures included renal transplants, cholecystectomies, and hip replacements.
And examples of low risk procedures included breast biopsy, rhinoplasty, and cataract surgery.
Patients who underwent multiple procedures during one hospital stay had multiple entries in the data, each representing a different procedure they underwent. Therefore, duplicates were removed, leaving only the entry that represented the highest risk procedure the patient underwent. For example, a patient undergoing two low risk, three medium risk, and one high risk procedure all in one hospital stay had six separate entries in the original dataset; in that scenario the high risk procedure would remain while all others were dropped. Next, cases whose most recent labs were taken outside of the perioperative window, defined as 90 days prior to surgery to 30 days post-surgery, were excluded. Lastly, cases that had multiple non-routine labs were excluded in order to reduce confounding effects and isolate the effect of a single non-routine lab on mortality. After making the above adjustments, 11,036 cases made up the final population.
For the Lab Drawing Analysis, the final population was split into five separate groups based on which one (or none) of the four non-routine labs the patient had drawn: routine labs only, routine labs plus TSH (the "TSH group"), routine labs plus Troponin, routine labs plus Creatine Kinase, and routine labs plus Hb
A1c. Because one of the criteria was to remove observations with more than one non-routine labs drawn, no patient fell into more than one of the above groups.
For the Abnormal Lab Analysis, each of the four non-routine lab groups from the Lab Drawing Analysis was divided into those with a normal non-routine lab result and those with an abnormal non-routine lab result. Abnormally high values were not distinguished from abnormally low values.
The incidence of 30 day mortality in each of the groups was calculated. Multivariate logistic regression analysis was used to control for age, gender, ethnicity, surgical risk stratification, ASA physical status, and emergent status. The
Routine Only group was used as the control for each non-routine lab groups in the Lab Drawing Analysis. In the Abnormal Lab Analysis, cases with normal non-routine labs were used as controls against their abnormal non-routine lab counterparts. Figure 2 compares the incidence of mortality in patients with only routine labs drawn to those who had routine labs plus one of the non-routine labs recorded (divided into elective, emergent, and combined elective plus emergent cases).
Results

Lab Drawing Analysis
The mortality in the Routine Only group was 1.85%. Each of the non-routine lab groups had a higher mortality, including 4.36% in the TSH group and 18.12% in the Troponin group. Table 1 contains the results of a multivariate analysis comparing the incidence of mortality in the Routine Only group to each of the non-routine groups.
Drawing a non-routine lab was associated with a statistically significant increase in mortality in the Troponin group (OR = 3.05, P < 0.001). However, drawing TSH, Creatine Kinase, or Hb A1c was not associated with a statistically significant increase in mortality. Figure 3 compares the incidence of mortality in the normal non-routine groups to that in the abnormal non-routine groups (divided into elective, emergent, and combined elective plus emergent cases). Mortality was higher in the abnormal TSH and abnormal Troponin groups than the normal TSH and Troponin groups, respectively. For TSH, mortality was 3.14% in the normal group versus 6.67% in the abnormal group. For Troponin, mortality was 10.00% in the normal group versus 18.71% in the abnormal group. Table 2 contains the results of a multivariate analysis comparing the incidence of mortality in each of the normal non-routine lab groups to the abnormal non-routine lab groups. An abnormal TSH value was associated with a statistically significant increase in mortality (OR = 11.07, P = 0.008). However, an abnormal Troponin, Creatine Kinase, or Hb A1c was not associated with a statistically significant increase in mortality. Figure 3 . Incidence of mortality, normal versus abnormal non-routine groups. peak fourth-generation Troponin T value of at least 0.02 ng/mL and 30 day mortality in a study of 15,133 patients undergoing noncardiac surgery [6] .
Abnormal Lab Analysis
One of the limitations this study faced centered on the reporting of death date.
The date of death was only recorded in patients who passed during an admission at LAC + USC. The death dates of those who passed away at home or at another institution were not acquired. It is understood that the effect of these omissions is to underestimate the incidence of mortality in all groups. However, the unique effect on each subgroup is unclear. Additionally, the decision to order labs was at the discretion of the presiding resident or attending. There was no universal protocol that dictated which labs to order. Finally, while the defined perioperative window may be suitable for certain labs such as Hb A1c, it may be less appropriate for others.
In order to further explore the role of perioperative laboratory testing and mortality risk, a prospective study may be beneficial. Future studies may benefit from exploring the prognostic differences between abnormally high and abnormally low laboratory values. Although the differentiation does not carry clinical significance for Creatine Kinase, Troponin, or Hb A1c, it will be clinically relevant for TSH. Ling, et al. (2013) found that overt hyperthyroidism was associated with an increased risk of complications in elderly patients following surgery for hip fractures [7] . Lastly, future studies may benefit from including additional identifying information such as co-morbidities and BMI as this data was not included due to reporting inconsistencies. Selective non-routine lab testing may guide perioperative patient care and result in improved post-surgical outcome.
